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Abstract 
This study aims to determine the student teachers’ SMK knowledge about interaction of electric current and magnetic field and 
their misconceptions. This study was carried out with 26 fifth grade physics student teachers attending teacher certificate 
program in 2007-2008 academic year in the Fatih Faculty of Education, employing case study. A subject matter test is used as 
data gathering tool. The data revealed that trainees have some problems with application of right-hand rule, finding direction of 
magnetic field and magnetic forces.  This study indicates that trainees also have a number of misconceptions.  
© 2010 Elsevier Ltd. 
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1. Introduction 
Lately Teachers’ knowledge bases have been focus of research in finding out the effective science teaching. 
Teachers’ lack of content knowledge causes the unawareness of students’ misconceptions and difficulties (Halim & 
Meerah, 2002). It is stated that good SMK influences teacher effectiveness positively, and students teachers who 
are specialist in their subject areas are able to select appropriate knowledge and instructional strategies (Käpyla et 
al., 2009). But it has been reported that research on teacher education has not focused well enough on the 
development of teachers’ SMK (Ball & McDiarmied, 1990; Guisasola et al., 2004). Although Subject Matter 
Knowledge (SMK) is one of the knowledge bases, literature on student or beginning teachers’ SMK pays little 
attention to content-specific issues (Feimen-Nemser & Parker, 1990). ‘One factor that may direct attention away 
from subject matter concerns is the belief that beginning teachers already have adequate subject matter knowledge’ 
(Feimen-Nemser & Parker,1990). Although it has been thought that beginning teachers have been prepared about 
subject matter knowledge, they may have not sufficient subject knowledge (Abd-EI-Khalick, 1997). Also a lot of 
studies (Yip et al., 1998; Pardhan & Bano, 2001; Mulhall, McKittrick, Gunstone, 2001;) showed that beginning 
teachers have lack of subject matter knowledge and misconceptions especially related to abstract topics (e.g. force,  
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electricity and magnetism…) just like secondary students. But particularly these subjects in physics must have been 
well known by teachers. Most studies on teachers’ and/or learner’s misconceptions and alternative conceptions in 
physics have been related to kinematics and dynamics (such concepts as velocity, force etc.) as well as the concepts 
of electric current, voltage in electricity (Guisasola, 2004). On the other hand in the last decade studies in the area 
of magnetism have been increasing (Kocaküllah, 2002; Chabay  & Sherwood, 2006; Saarelainen et al., 2007; Tanel 
& Erol, 2008; Ravanis, et al., 2009). Kocaküllah (2002) aimed to describe first year university students’ ideas on 
magnetic force relations between two current carrying conductors to reveal the development of students’ scientific 
knowledge on the subject.  Chabay & Sherwood (2006) described a different intellectual structure for the electricity 
and magnetism course that stresses conceptual coherence, connects the abstract field concept to concrete 
microscopic models of matter. Saarelainen et al., (2007) intended to determine undergraduate students’ 
understanding and reasoning models of electric and magnetic fields. Tanel & Erol (2008) analyzed effect of 
cooperative learning on academic achievement and on the level of retention of knowledge at graduate level in 
teaching magnetism topics. Ravanis et al., (2009) investigated the representations of 14-15 years old students about 
magnetic field. These studies emphasized that while important concepts in mechanics such as velocity, force are 
related to everyday experience, in electricity and magnetism where all of quantities are invisible (Chabay & 
Sherwood, 2006). Also concepts such as field, current, electrons are both microscopic and abstract and consist of 
vector operations and thus students must think and visualize in three dimensions (Chabay & Sherwood, 2006).  
Karal (2003) determined level of subject matter knowledge in topics, mechanics and electricity-magnetism, for 
teacher candidates, indicating that in the mechanics section the achievement is found to be approximately  50% and 
in electricity-magnetism section it is about 26%. The reason of the results was depended on students have little 
information about magnetism topics at secondary school level (Tanel & Erol, 2008). Current literature illustrates 
that more research is needed in this area. 
The aim of this study is to determine the student teachers’ subject matter knowledge about interaction of electric 
current and magnetic field and their misconceptions.   
2.  Method 
This study was carried out with 26 fifth grade physics student teachers attending pre-service physics teacher 
education program in 2007–2008 academic year in the Fatih Faculty of Education, employing case study strategy.  
A subject matter test related to electric current, magnetic field and magnetic force is used as data gathering tool, 
consisting of 4 open-ended questions.  
Data were analyzed by grouping student teachers’ answers. The answers were classified as correct (coherent with 
scientific views), incorrect (conflict of scientific views), deficient (partly coherent with scientific views), 
misconception, meaningless and unanswered, and these groups were presented in the tables. 
3.  Findings 
The first question aims at determining forces acting on long side of wire a current-carrying rectangular loop in a 
uniform magnetic field directed into paper plane. Findings are presented in Table 1. 
 
Table 1. Forces acting on wire a current carrying wire in the uniform magnetic field 
 
 
 
             
Only one student teacher answered the question correctly and drew the direction of the magnetic force with 
defining right-hand rule. “There is a force. Let’s wrap our hand around wire which carries current, while other fingers show the magnetic 
field, palm shows direction   of magnetic force”.   (T1 ) 
While seven student teachers didn’t answer the question, seven student teachers’ answers were wrong. Two of them, 
who gave wrong answers, stated that there isn’t force acting on wire. T22, for instance, commented that “Force doesn’t 
Classification Students Teachers Frequency 
Correct Answer T1 1 
Deficient Answer T2 , T5 , T9 ,  T14 , T21 ,T24 6 
Incorrect Answer T8 , T11 ,T12 ,T13  ,T15  ,T20  ,T22 7 
Misconception T4 , T10  ,T17  ,T23  ,T26 5 
Unanswered T3 ,T6  ,T7 ,T16  ,T18 ,T19 ,T25 7 
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act on long sides of the wire because magnetic field B is parallel to these long wires”.  Some other students answered incorrectly 
commented that there is force, but showed direction of the magnetic force incorrectly. Another two students 
commented that direction of magnetic force and magnetic field is the same which was not correct. While one student 
stated that the force is into paper plane, he argued that the magnetic field and the magnetic force are in the same 
direction. However, he also wrote that the magnetic force and the magnetic field are perpendicular to each other, 
commenting that “the force is into paper plane and perpendicular to current and magnetic field”(T8 ). While four students, who gave 
deficient answer, stated that magnetic forces are present, they were not able to indicate the directions of forces. T2, 
for instance, commented that “There are forces. They are in opposite directions. The direction of force acting on the upper wire is to the 
north, and the direction of force acting on the lower wire is to the south”. Some students argued that magnetic force acts parallel or 
anti-parallel to the magnetic field instead of being perpendicular. T4 commented that “there is a force. It is out of the paper 
plane since magnetic field is into the paper plane”. T23, on the other hand, stated “there is a force.  Its direction is the same as the 
magnetic field direction”. 
Scientific acceptability of the answers to this question is in the range of %27.  Answers to the first question 
indicate difficulties related to the applying the right-hand rule. 
The second question aims at determining the forces acting on charged particles which are at rest in a uniform 
magnetic field directed to the right. Findings are presented in Table 2. 
 
        Table 2. Forces acting on charged particles at rest in a uniform magnetic field 
 
 
 
 
 
 
 
  
One student teacher who gave correct answer remembered formulae, F=qVBsinș, and stated that force acting on 
charged particle which is at rest is zero. He, however, could not provide a correct explanation. He confused 
magnetic field with electric field. T14 stated that “... if we consider magnetic field as electrical field, positive and negative charges 
attract each other according to Coulomb Law”. Five students thought that electrons start to move under the effect of magnetic 
field, as T19 commented, “It starts moving. If there is a magnetic field, then there is electric current and then the electron moves”. 
Although one student wrote the relation F=qVB, he didn’t conclude that when velocity of a particle is zero, the force 
will also be zero. T8 commented that “F=qVB. Electron starts motion with the effect of force produced by the magnetic field”. Seven 
students stated that the electron moves and one of them said that the magnetic field accelerates the electrons as the 
magnetic force accelerates them. T21 stated that “... If there is a magnetic field, the electron start to move and the magnetic field 
speeds up the electron”. Another student, T12, stated that electron moves opposite to magnetic filed. 
The third question aims at determining the forces acting on charged particles moving in varies directions in a 
uniform magnetic field directed to the right. The findings are presented in Table 3. 
 
Table 3. Forces acting on charge particles which are moving in the uniform magnetic field 
 
 
 
 
 
 
 
 
       
None of the students were able to answer this question correctly. Student teachers think that the magnetic filed is 
the same as the magnetic force. T21’s answer is as follows;  
“Electrons moving upward and downward want to move in the same direction of the magnetic field. Electrons moving in the direction 
opposite to the magnetic field will be stopped and then will accelerate in the same direction of the magnetic field.” (T21 ) 
It is known that the trajectory of a charged particle in a uniform magnetic field is circular and the velocity vector 
V of the charged particle and the magnetic field vector B are perpendicular to each other if the particle is ejected 
perpendicular to B. Student teachers think that direction of charged particle change so that the final velocity 
becomes perpendicular to direction of the magnetic field. T4, for instance, stated that “Directions of all electrons change in 
Classification Students Teachers Frequency 
Correct Answer T2 , T4  , T6 , T17  , T25 5 
Deficient Answer T10 1 
Incorrect Answer T5 ,T8, T12 , T13 , T15  ,T16  , T21 , T26 8 
Misconception T1  , T9  , T11 , T14 , T19 5 
Unanswered T3 ,T7  ,T18 ,T20  ,T22  ,T23  ,T24 7 
Classification Students Teachers Frequency 
Correct Answer - - 
Deficient Answer T2  ,T6 , T15  ,T17 4 
Incorrect Answer T1,  T4 , T8, T10 , T12  T13  ,T14, T18 , T26 , 9 
Misconception T16 , T21 2 
Unanswered T3, T5 ,T7 , T9, T11, T19 ,T20 ,T22   ,T23  ,T24  ,T25 11 
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a way their final directions are perpendicular to the magnetic field”. One student teacher considers the effect of magnetic field B 
on a moving electron as the same effect of the electric field E, explaining effects of the force on negative charged 
particle in the electric field E; “While charges moving parallel to the magnetic field accelerate in the direction opposite to the direction of 
magnetic filed, the charges moving perpendicular to the magnetic field will follow circular orbits.”  (T12 )Some student teachers said that 
there is no force on charges moving parallel to the magnetic field, but they were not able to know the forces exerted 
on charges moving perpendicular to the magnetic field. T17 commented that “Particles which is parallel to B don’t move, 
Particles which is perpendicular to B move”. Two students proposed directions of forces perpendicular to the magnetic field 
which would be on positive charges. In fact the subject of our question was the negative charges, i.e. the electrons. 
We can say that these students understand the right-hand rule partly; T2  and  T6  supplied answers closest to the correct  
one. Most answers related to third questions were erroneous. Answers which are acceptable form % 15 of the total 
answers. As in the second question, some student teachers think that magnetic field is similar to the electric field. 
They can not contemplate the magnetic field as a separate quantity.   
The fourth question aims at determining the forces acting on charges having different speeds and directions 
around a wire through which a current I flows. Findings are presented in Table 4. 
 
Tablo 4. Forces acting on charges having different velocities around a wire carrying a current  
 
 
 
 
 
 
 
 
 
In this question, what is expected from students were determination of the magnetic field direction around a 
straight wire carrying a current, I, and drawing forces acting on charged particles with different velocities. Only one 
student answered this question correctly. Two students gave deficient answers, determining only the direction of the 
magnetic field. There are four false answers which attempted to show only the magnetic field of the current. Nothing 
was mentioned about magnetic force on charged particles.  
In summary these findings show that approximately 1/4 of trainees in the first and second questions, 2/4 of 
trainees in the third question and 3/4 of trainees in the fourth question didn’t give any answer. Only one trainee 
answered the first and fourth questions correctly and third question was not answered correctly by anyone. The 
second question was answered correctly by five trainees.  
4.  Discussion  
The first question requires the use of the relation F = BILsinș and the right-hand rule. Thus, student teachers are 
expected to comment that if the factor sin ș is zero the force will be zero. If the force is not found as zero, its 
direction will be determined by the right-hand rule. No one mentioned any angular dependence of the magnetic 
force. It seems that the number of correct answers can be considered very low in the third and fourth questions, 
although student teachers in this study completed subject-matter knowledge education. But Aubrecht & Raduta 
(2004) found more than half of students correctly identified the force acting in every case but not particle’s 
trajectory in their work in which they asked students to determine the force on the charge for different initial 
conditions (if V =0, if VŒ B, VA B)  
In the second question nearly 70 % of the examinees displayed misconceptions or lack of knowledge about the 
magnetic field. A number of examinees seem to be unable to differentiate between the magnetic and the electric 
field, as a result they use the relation F=qE, to them E stands for the magnetic field.  
It seems that they considered magnetic field as magnetic force in the second question and this magnetic field 
starts electrons’ motion. Answers given to second and third questions point out that there is an interaction, even 
though the charge is at rest like study of Guisasola (2004). In this study university students stated that “if the charge 
is in the field of the magnet, the latter will tend to move in the same or opposite direction as the field lines and thus 
it will start moving”. Guisasola stated that “student’s explanations imply that a magnet or magnetic field acts on a 
charged body at rest, just as two static charged bodies would, interacting between them in accordance with 
   Classification          Students Teachers                                                                       Frequency 
Correct Answer T2 1 
Deficient Answer T11  ,T20 2 
Incorrect Answer T8 ,T12 , T18  ,T26 4 
Unanswered T1 ,T3  ,T4 ,T5 ,T6 ,T9 ,T10 ,T13 ,T14,  T15 T16 , T17  , T19, T21, T22 ,T23 ,T24 , T25 18 
Meaningless T7 1 
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Coulomb’s law.”  Guisasola (2004) and Kocaküllah (2002) found that students mixed up the magnetic field and the 
magnetic force. 
In the third question two out of 15 students gave answers compatible with F=qVBsinș but applied the right-hand 
rule as if the electrons were positive charges. Most of the students confused the magnetic field and the electric field 
as in question two.  
Fourth question make inquires on not only the effects of the magnetic field but also on one of its sources, a 
straight conductor. Due to this complexity only one provided a satisfactory answer. Two students attempted to use 
the right-hand rule. 18, out of 26, students left the question unanswered.    
5. Conclusion and Recommendation 
We carried out a subject matter test on an ordinary sample of fifth grade physics student teachers continuing their 
pre-service education. The subject of test covered a limited area, mainly on electromagnetic force. The performance 
of the examinee in answering four questions is evidently unsatisfactory. This study clearly shows some students 
teachers’ difficulties in understanding of magnetic field, right-hand rule, magnetic force. The magnetic field is 
thought like an electric field and the magnetic force is thought similar to the Coulomb force.   
We believe that these students learned much more magnetism in their undergraduate program. Several reasons 
may be put forward to explain these unsatisfactory findings. First of all, only a few among thousands of graduates 
are appointed by the Ministry of National Education each year, if ever. In addition to this, the Turkish government 
organizes Public Personnel Selection Examination which is not relevant to physics subject knowledge. In summary, 
these might be reasons for student teachers to lose their motivation to become a teacher.  
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